Abstract: When pressure measurements are taken in the near!iehf of possible sources, a global inversion of an input-output model of the acoustic medium can be accomplished to calculate the source velocities, from which the main noise radiating parts can be identified. The inversion process is usually an ill-conditioned problem. In this paper this is applied applied to an industrial example and the use of numerical models and a regularization technique based on a singular value decomposition is shown. The applicability of an L-curve criterion is indicated to determine the optimal regularization parameter.
INTRODUCTION
Inverse source identification based on acoustic measurements is important in noise control engineering since many applications require the identification of a source distribution before controlling the problem. When a source resolution higher than half of a wavelength is required, measurements in the nearfield of the source are desirable.
Nearfield ticoustic holography (I) is a process which solves the inverse source problem in an elegant way using a fast Fourier transform (FFT), for a regular grid of measurements points in an acoustic environment for which the Green's function is known. Due to the restriction of a limited number of measurement positions and the presence of evanescent wave components in the sound field, spatial leakage and aliasing can introduce large bias errors on the result. This can be minimized using windowing or a regressive discrete Fourier transformation (2).
The inverse frequency response function (IFRF) approach (2) is a more computationally intensive technique which can solve the inverse problem even in the case of an irregular measurement grid, or an unknown Green's function. The necessary frequency response functions (FRFs) can either be measured, or calculated using an analytical or numerical model. This calculation of the inverse procedure however tends to be ill-conditioned in many cases. Regularization techniques are generally used in mathematics to solve ill-posed problems. Truncated singular value decomposition (3) and Tikhonov rcgularization (4) are most commonly used.
In this paper a numerical boundary element code is used together with operational pressure measurements, for inverse source identification of the sound, radiated by an electrical motor. The usc of regularization techniques is shown to minimize the statistical errors in the inversion process due to measurement noise and spatial inaccuracy.
THEORETICAL CONS~ERA~ONS
The inverse frequency response function (RF) technique has been developed recently for noise source identification and source ranking applications. The equations for the IFRF technique are very straightforward They are based upon a linear systcm assumption represented in the frequency domain, where a set of outputs {p(fi } is related to n set of inputs (Q(O ] by the FRF matrix [H(f)] and inputs can then be estimated using a pseudo-inverse calculation :
In case of acoustic sources, p and Q are vectors containing the operational pressures and the volume velocities of the source. The FRFs can either be measured, or calculated (numerically or analytically), In this paper the FRFs are calculated by implementing the Helmholtz integral equation, using a matrix relating the pressures and the velocities at the boundaries of a BE model. This matrix is generated using the indirect BE technique in SYSNOISE, a numerical FE and BE modeling tool for acoustic problems.
When the degree of overdetcrmination is high, the solution is usually well-conditioned. However when the FRFmatrix becomes square, the effect of. errors on the measured outputs can severely influence the accuracy of the calculated input, An important aspect of discrete ill-posed problems is that the ill-conditioning of the problem does not mean that a meaningful approximate solution cannot be computed. This is the essential goal of regularization methods. A superior numerical tool for the analysis of discrete ill-posed problems is the singular value decomposition (SVD). The SVD of a matrix H can be written as :
It can be shown that the higher singular values represent the signal subspace of the matrix while the lower singular values are representative of the noise subspace. In truncated SVD the number of singular values k that arc used to calculate the inverted matrix is the regu]arization parameter. A lower number of k means more filtering of the result, while a higher number k means less filtering. Perhaps the most convenient graphical tool for the analysis of discrete ill-posed problems is the so-called L-curve which is a plot -for all regularization parameters-of the norm Ilx,,gllzof the regularized solution versus the corresponding residual norm llAx,.~-bllz It can be shown that the optimal regularization parameter is not far from the regularization parameter that corresponds to the L-curve's corner.
DISCUSSION OF RESULTS
The inverse FRF technique is used to identify the noise, radiated from an electrical motor. When varying the speed of the motor from O rpm to 3000 rpm, some peaks around 850 Hz and 1600 Hz are apparent in the spectrum at particular speeds. Since accelerometer measurements are influenced by heat radiation and electromagnetic interference, pressure measurements arc performed at constant speed of the motor, in a grid of 240 points at the envelope of a cylinder (radius 18cm) around the motor. Since the measurements were performed using a roving microphone array, cross-spectral density measurements with a fixed reference microphone were performed to phase lock the different sets of measurements with respect to each other. A flattop window was used to adjust for the errors due to instability of the speed of the motor. A boundary element model of the motor was used to generate the FRFs at the peak frequencies. Figure 1(b) shows the results of the velocity calculation at the boundaries of the motor at 1687 Hz using 33 singular values in the inversion process, as proposed by the L-curve, shown in figure 1(a) . The imaginary part of the calculated velocity pattern can be approximately reduced to zero by shifting the results in the complex plane, obtaining a 0°or 180°phase relation between the velocity at the different boundaries of the motor, thus indicating a structural resonance behavior. The same conclusions could be drawn from the results around 800 Hz. From the obtained boundary velocity, the acoustic intensity can afterwards be calculated in every point exterior to the motor. 
